We report the size control of Ni nanoparticles generated via solution glow discharge and focus on the effect of electrolyte concentration on Ni nanoparticles. In our experiments, voltage was applied to generate a plasma in NaOH electrolytes with concentrations ranging from 1.0 to 0.001 kmol m -3 . The applied voltage strongly depended on the electrolyte concentration, and interestingly, product size decreased with electrolyte concentration; for example, (mean diameter, applied voltage, electrolyte concentration) = (148 nm, 90 V, 0.5 kmol m -3 ), and (70 nm, 590 V, 0.001 kmol m -3 ). These results suggested the possibility of using plasma electrolysis for synthesizing size-controlled nanoparticles by changing only electrolyte concentration.
The synthesis of nanoparticles by various methods, such as laser ablation, [1] [2] [3] [4] the use of RF plasma, 5) and flash synthesis, 6, 7) has drawn attention worldwide. In particular, glow discharge plasma electrolysis 8) has been newly applied to the synthesis of micro-/nanoparticles in a solution. 9, 10) In this method, the surface of the cathode is partially melted as a raw material by the local concentration of current induced by electrothermal instability 11, 12) to produce nanoparticles under plasma conditions. Glow discharge plasma electrolysis has many advantages: (1) simple experimental setup, (2) no need to control atmosphere, (3) easy mass production, (4) formation of spherical nanoparticles by partial melting, (5) applicability to any electrically conductive metal/alloy, (6) production of a nonequilibrium phase, (7) generation of hydrogen and oxygen by the electrolysis of water 13) , and so on.
Recently, Toriyabe et al. 10) have reported the synthesis of nickel, titanium, silver, and gold nanoparticles via plasma electrolysis, in which voltages of 100-160 V were applied in an alkali solution of K 2 CO 3 with a constant concentration of 0.1 kmol m -3 . In their experiments, the spherical Ni products became relatively small at the high voltage required for maintaining the plasma, and the smallest products obtained at 160 V had mean diameters approaching 100 nm. These results suggested the possibility of controlling the size of the product by the applied voltage. However, to the best of our knowledge, the relationship between the voltage and the particle size has not yet been reported. Therefore, we studied the production of Ni nanoparticles by plasma electrolysis in a wide range of voltages, in which the relationship between the voltage applied for maintaining the plasma and the size of the product is mainly examined. Uniquely, we used different electrolyte concentrations ranging from 1.0 to 0.001 kmol m -3 in order to vary the applied voltage over a wide range, and carried out experiments using the same electric power supply. Nilaco) as the cathode was covered with an electrically insulated quartz tube to keep the length of the exposed part constant at 10 mm, with this exposed part functioning as the net actual electrode. The solution temperature at a depth of 10 mm was recorded using a polymer-coated thermistor thermometer (Ondotori TR-71Ui, T&D) every 5 s.
In the experiments, voltage was applied at a rate of 10 V/min until the start of ignition to maximize nanoparticles production, and the current and temperature were recorded during this process. We observed that the plasma emission propagated over the electrode shortly after ignition. Then, the voltage was fixed to a constant value for 1 h; during this period, the electric power W was kept at 40 W. After the experiments, the electrolyte was first passed through a membrane filter with a pore size of 0.45 μm to exclude dust particles [14] [15] [16] and it was then dried to recover the final products. The size of the recovered particles was determined using a fiber optic dynamic light-scattering photometer (FDLS-3000, Otsuka
Electronics, Co., Ltd.) with a nominal measurable particle size range of 0.5 to 5000 nm. The microstructure and morphology of the products were also investigated by Hitachi H-700 transmission electron microscopy (TEM) at an operating voltage of 200 kV by analyzing a water containing nanoparticles that was dropped on a collodion-coated Cu microgrid. In contrast, the surface of the Ni electrode before/after experiments was observed by JEOL JSM-7400F field-emission scanning electron microscopy (FE-SEM). Table I shows the measured mean diameters of the products generated using different electrolyte concentrations. Part of the input electrical energy was converted to heat, and therefore, the solution temperature reached approximately 90 °C. A larger voltage was required for a lower electrolyte concentration because the liquid resistance increased.
Therefore, the electric power required for maintaining the plasma had a similar value of 40 ± slightly. At a electrolyte concentration of 1.0 kmol m -3 , the electric power was slightly less than 35 W owing to the lack of ignition. by SEM, 10) although a different method was used to measure the particle size. The particle diameter decreased with decreasing electrolyte concentrations. It should be noted that the fiber optic dynamic light-scattering photometer used cannot exclude agglomerated nanoparticles completely in the size evaluation, and therefore, the actual mean diameter might be slightly small. concentration owing to a smaller current density. In conclusion, a lower electrolyte concentration is effective for generating smaller particles owing to a decrease in electric current. Interestingly, we also discovered that regular patterns are always generated on the electrode surface for electrolyte concentrations ranging from 0.1 to 0.005 kmol m -3 . It is likely that nanoparticles were generated at pointed projections [see (i), (k), and (l)]. One particle was generated from one point. A large current concentrated at one point with increasing electrolyte concentration when the inflow of electric power is constant (40 W) and large particles were generated with an increase in the temperature of the point. In contrast, many holes were observed on the surface at the lowest concentration of 0.001 kmol m -3 . This was most likely caused by the spark being electrically discharged, thus leading to the flow of a large current.
In summary, plasma electrolysis for synthesizing size-controlled Ni particles was studied.
In this method, voltage was applied to both nickel and platinum electrodes that were immersed in NaOH electrolytes with concentrations ranging from for example, the diameter was 148 nm for a voltage of 90 V, and it was 70 nm for a voltage of 590 V. We hope that these findings will lead to further developments in plasma electrolysis for the production of nanoparticles with advantages such as the ability to control the product size, use of simple equipment for easy mass production, and applicability to any electrically conductive metal/alloy. Here, R 2 indicates the coefficient of determination. 
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